e3ePg{Pnvvw@y {6@T{jt GL 20 JUL 2004 TITLE:- TRANS- ACI DOLYSI S PROCESS
FOR THE PREPARATI ON OF CARBOHYDRATE FATTY- ACI D ESTERS 52pAPYERZDO OF THE
| NVENTION (a) Field of the Invention The present invention relates to

process for production of surfaceactive carbohydrate fatty-acid esters, in

particular, a low 10 tenperature, solvent-free trans-acidolysis reaction
bet ween CHiTha&hy drRANSHGIDOLYSIS FROCESS FOR JHE PREBARATICNI@Fand free
fatty acid under reduced pressure and in the Fresent of acid catalyst. (b)

Description of the PrCHRBOHMBREFbIHAHFNACIRESTERS esters are

non-irritant, nonionic surfactants with excellent biodegradability
properties. They are used to sol ubilize nenbrane proteins and to fornul ate
many grades of detergents, pharnaceutical, food and cosnetic products.
Carbohydrate fatty-acid esters are al so used as therapeutic agents. 20 U. S

Pat . . 5,739, 117, Yo i )y 1998, describe the

use o%logl ucose esters ;ﬁxﬁg%ﬁr@r’mﬁgﬁmim% agent. Carbohydrate
esters can al so be used for treating gallstones (U S. Pat. No. 4,264, 583),
colonic disorders (U S. Pat. No. 5,840,860) and hyperchol esterolema (U. S.

Pat. No. 4, Zhl, OFfid othdéhBYeién @l so known to exhibit anti-mcrobial and
i nsecticidal ‘activities. But the synthetic nethods for carbohydrates

fatty-acid ErﬁbeEiSe@érﬁ friveedion tdlatento! processi forsproditith dflsifive-
Processes for the synthesis of sucrose fatty acid esters in solvent and

non- sol veadtivenvi canobydsatef ol fatty-acidbatesters,se inr qmarticnlasys aeadowon
reginmes currently exist. Prior art is described in U S, Patent 5 No.
4, 6140718emparaiyre20; spbentdes 4, BapsETidolys®o6, IB@ctiono4 s betweesnd
5,908, 922. The conventional methods, described in the priqr, art_for

pr oduci nFaBPhHtRIEaEsteracfylovs  olesiaeWRigRY carkaxyitiagiddabfe B8 | owi ng
O S s it b Brebdire B 1A TR BREEEN A udR

(b)  Description of the Prior Art
15 Carbohydrate  fatty-acid esters are  non-irritant,  nonionic
surfactants with excellent biodegradability properties. They are used
to solubilize membrane proteins and to formulate many grades of
detergents, pharmaceutical, food and cosmetic  products.
Carbohydrate fatty-acid esters are also used as therapeutic agents.
20 U.S. Pat. No. 5,739,117, Yokoyama and Yoneda, issued April 1998,
describe the use of glucose esters as cerebral metabolism improving
agent. Carbohydrate esters can also be used for treating gallstones
(U.S. Pat. No. 4,264,583), colonic disorders (U.S. Pat. No.
5,840,860) and hypercholesterolemia (U.S. Pat. No. 4,241,054).
25 They are also known to exhibit anti-microbial and insecticidal
activities. But the synthetic methods for carbohydrates fatty-acid

esters are faced with many limitations.




10i ndustri al producers of carbohydrate fatty esters, is areversible process
W th poor conversion equilibria becausethe substrate suQ@r?U{ngobgtty aci d
noieties are imm scibledue to polarity differences. Thus, [ow product

yi el dcharacterize the processes; 15 (2)Fi nding nutual solvent with good
safety credentials. Mitual sol vents, such as pyridine, N,

N- di met hyl f or mam de (DVF), di net hyl acet am de (DVR), di net hyl sul f oxi de

(DVMBO), chl orof orm benzene and toluene, are required to solubilizethe
substrat es. Pfbessseniforlthe odwrethesisaoé surrose afiattyc acithedtdns mersohahtt o t he

| evel conpatible with current regulations,thus limting product

appl i cat iant. penawiperk andrenenys priolovingubatehestisen or continuous
procedures. (4) Thernal degradation and isonerjzation of the

r eact ant deastiapdregimas clsiasiiyaexists Piissvart: o dgsgribedcin Wik hPaeMnor nal 1 y

2‘3?%&? ?;ﬁl%f ocaatd 1B, 8 HETRol,) ?%3@@@, : i‘é@é%@?&ii"%ﬁb@&@# or the
2004 3 mSDPEL G Aichonelga g0l i gty “HhPeS e i ces, "
ength oft1E PLC50 by 9h, PG, A oplY o Bkterd 1B Byl Mee

and the r i 3 j RiH; ressure 5 with fatt
ﬁﬁ%drﬂéréﬂaﬁﬁdé'mlgr\{ﬁpp*tﬁQacﬂ\?éﬁttag@saénd RAHEHONE! y

acid al kyl ester, |tered w thout addition of solvent. To address

t he probl engﬁ)ssmrh@t achrvdddiefificatitht Rlethod] Ccurently Rovesd s byUnfostPat ent
No. 4,996, 309 di scl oses a process for 1o preparing sucrose fatty acid

esteng by reacti irglusidalbos predycersf adf y cachohydreyd cattgr esteas, atpueaus
reaction systemin the presence of an al kaline catalyst. The catal yst

i ntroduces | ar gerevarsitile pfosessp witht peopr cdneersiGepagailibta decause
purification is thus nmade cunbersone and expensive, |involving a reverse
osnosi s and an uthé substratei sHOgfe BN Fatly eacichénoiedigsy ar@ulymézaiRle purity

is normal ly attainable. US Patent. No. 5,872, descri be a continuous

pr o?:esstfgr t he tgiyﬁ; h&itfoéﬁrl' uc?'@;&e'ﬂ%@i-y ?ﬁlg?%stt@?‘g 'b?rh f t%iyﬁﬁld_sgcr ose
inlimted anount, g hanol , as carrier" solvent, w atty aci

met hyl 20 ester Phaﬁg‘éﬁzggﬁﬁ@é‘)ﬁ?sﬁ%ti onary transesterification catalyst

and chani e L [ Qn. I I | yst s,
ond, Techen! ol <EiGhg' BNl solfot JAEE g, R BlE iRt o1
hydr oxi de. Produ r &t j~en 4 evedy by [ i tirsiEens. 25
TKe process doesgﬁlot o’me%t\ygqr;] add@@lﬁ’eqﬁ:’o%@gﬁyﬁgiﬁé%@!@icrwgg’uced by

the presence of gpfethylayetamicde anDMi|Rt . Mirheavwasulféxigee! f gDMIO)densi ty
differentiation of thée product m xture of nore-than-six simlar products

and react ants resghidroform,3Benzén20 ahdL t@lR@hea dengelairddp toi selubilizehe
process cycle. The formation of nono-, di-, tri- and polyester cannot be
sel ectively cont the |stbsttdiese iTheskenuituak seheniskpia dowic andveannot
esterified" polyols forned in the process. . ) .
20 be removed to the level compatible with current regulations,
thus limiting product applications.
(3) Complex and costly product purification procedures.
(4) Thermal degradation and isomerization of the reactant
carbohydrate at temperatures above 100 degree C, which is
25 normally required in most known processes.

(5) High catalyst load, especially in enzymatic processes.

U.S. Patent No. 5,945,519 describes a process for the
solvent-free preparation of sucrose fatty acid esters and their

30




51t is a principal object of the present invention to provide a
sol vent-free trans-aci dolysis process for preparing surbgqgugﬁgb 8
carbohydrate fatty-acid esters, which3obviates the above drawbacks and/ or
limtations by adding no solvent during reaction, driving esterification
rapidly to polyester formation and, when necessary, to partially deacylate

to form traixtetesP vith aichsugldYMpBI SPFfaktyE ddiyEREtef® Adnottiisnptocedsheapr esent

i nvention provides a traps-acidolysis 15 process for preparing

sur f ace- aticrose dareacyed avith fane oragicteefatiyr acick atipy i essters afl avehain
tenperature, traps-acidolysis reaction between carbohydrate ester of |ow
nol ecul adengihgief & 4ob3Rytabaiciatoms2ab terperahuresr between y12@ita (88 to C22)

under reduced pressure and in the presence of an acid catalyst. 20 In one
aspect t Kearaecht aRf theogagdionambdiie ris theeareacked i M%dipmwgs for

prepari ng .sur e-actjve,carbohydrate fattyacid esters conpri.sing the steps
bt~ Ca) el 1Al nBgichy SYE PRy aRRle thDY iesedr il EC AAGHOBE dfne

presence ﬁ éy& acid catal yst, under reduced pressure; (b) decolorizing and
extracti ﬁg"() crystallizing out the unreacted fatty acid, fromthe reaction

m xture obtained in step (a), for recycle; 20 JUL 2004 5 (c)
precipitating out the unreacted acyl ated carbohydrate fromthe reaction

m xture obtghngdgless AR pgq}tg]rem;a§r§6d5ie%s é@w t@@ USBC Y efdxi¥ rhiifual

carbohydrate fatty-ester t 1s preferable that the reaction in

step (a) doverits! | afl out Putdrit NRosol4/986, 30BledisclokBe rgactioeesei xfoire. The
reaction is preferably perfornmed at a tenperature range of 60 to 95 degree
C. The pnmepgiihgt Boorade tfhtyuaciehastdrsadyyl atadtingr botnodeatend ra Sady (c) nmay
to be achieved by cooling the carbohydrate fatty acid ester layer to a

t enper at @aid talkyleesterdinmah agqueeysereattioby spsiem dhnthea preaescamfdanysi s
process for preparing surfaceactive, carbohydrate fatty-acid esters in

accor danékalinegh ¢atalysty elfte opatalystoidroduges dage ARoLsats yoksaads iI8f 2 or

C3- | at ed drates,, with HLB val f to 10, b bt ai ned
oo By BT BRI AR t By GratEnY JenInus ) ERsler SHMBREAIaLL s aci d
npiety. In further as eFt of the inventionS CarbOhﬁﬁﬁafﬁ fﬁttg sters 20
with fred&BEPPVEy dn§9 VIRd 13 EEVEISTe OSHIAYS M i dfitrafilfation, SiEp.

15 Even then, only 70% product purity is normally attainable.

'US Patent No. 5,872,245 describe a continuous process for the
synthesis of sucrose fatty acid esters by reacting sucrose in limited
amount of methanol, as “ carrier” solvent, with fatty acid methyl

20 ester in the presence of stationary transesterification catalyst and
mechanical emulsification. The process employs heavy metal
catalysts, such as Zn, Cu, Sn and Pb, in addition to catalytic amount
of sodium hydroxide. Product separation is achieved by density
differentiations.

25 _

The process does not however address the color and antifacts
introduced by the presence of sodium hydroxide and heat
Moreover, the effective densily differentiation of the product mixture
of more-than-six similar products and reactants results in
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further step of partial hydrolysis in the presence of an acid catalyst. In
a further aspect of the invention, the unreacted free fgb g P gand the
unr eact ed carbohydrate esters of | ow gol ecul ar-wei ght 25 carboxylic acids
are renmoved during purification, and recycled to the starting reactant

m xture. 6 20 JUL 2004 The advantages of the process in accordance with
t he preswon@maumm@wﬂqéIp’r@ééwrﬁ cfd. |'Bestfopnatioh shenchey eli-,
limtations the prior art, are : 1) avoiding solvent as a reaction

medi um e Bt polyéReacdnrtove sditeaively ¢onttdited, ethetrant thwerbfdrgdaate is a
good protecting and | eavi ng group and, at the same tine, enhances the

sol ubi I'i tatodﬁpltmef‘(‘:a)fvboleﬁteraﬁeﬁ”npow's formexbirf the preagss. 10 (2) using | ow
pressure to drive the reaction equilibriumforward at a reduced energy
demand. This results in high yield (>90%, |ess isonerization and
degradati on of products The f &E{ock I s . renewabl e natural resources

readi Py 15 Hvd$| le@"%ﬁiﬂak?) jsct LA cres@nd ¢ inuendiony &for JRAVIAR). aThi s

ot b bat SNFLETERG TorieanARIVSBar Bongais., &7 nPrepetfd, ' SudRBeaidlers) °

(65 i o cerBEBYRHE L FRER B IR, ﬁé"'%t%‘s s A eI e
55, advanciyol itfiitiar” by Maddifi; qﬁﬁc§§ie“éar§§adrde}‘ér{@ﬂ£§%°t#ée"ig.e%‘ﬂ?ﬁe“S and
fol | ow ngglefificaifsh dﬁéﬁlﬁlyottd)”polyeéter formation and, when necessary,

10  partially deacylate to form target products.
SUMMARY OF THE INVENTION

Accordingly, the present invention provides a trans-acidolysis

15 process for preparing surface-active carbohydrate fatty-acid esters,
comprising a low temperature, trans-acidolysis reaction between
carbohydrate ester of low molecular-weight carboxylic acid (C2 or
C3) and free fatty acid (C6 to C22) under reduced pressurre and in

the presence of an acid catalyst.

20
In one aspect the invention provides a solvent-free trans-
acidolysis process for preparing surface-active carbohydrate fatty-
acid esters comprising the steps of:
(a) reacting acylated carbohydrate with free fatty acid in
25 the presence of an acid catalyst, under reduced

pressure;
(b) decolorizing and extracting or crystallizing out the
unreacted fatty acid, from the reaction mixiure

obtained in step (a), for recycle;




20 JUL 2004 DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTI ON I n accordance
with the process for preparing carbohydrate 5 fatty-aci @peguer 2008 the
present invention, the preferred reactsant C2 or C3-acyl ated carbohydrates

i ncludes nono to trisaccharide carbohydrates, and the preferred free fatty
acids includes C6-C22 chain-length, with zero, nono or di-unsaturations. 10

In the present p(ecespredipiatng doghtthky ursenoddidisylsietc exarbehgdratel phuri c
acid and canphorsul fonic acid, in the case of the nonosaccharides; and
boron trifluoride diefromi thehererational ipiusail phtained aén dstep y&)| oltdnes and
tosylic acid, in the case of the diand tri-saccharides. 15 The carbohydrate
fatty ester of the prex@le;@dess has the fol | owi ng chenical structures:

RQ 20 wherein R3, R5 are each selected fromthe group consisting of H,
CHsCO, CHsCHzCOR% nd @@ﬁ'ﬂ@a&@c@ hy&(%@p?ttﬁleﬁtﬁﬁ&g)@fv are each selected

fromthe group consisting of a partially or peracyl ated nono- or
di-saécharide, H CHsCO CHsCHzCO or C6 25 C22 fatty acyl group; and n is

ot mary monosdbdhar il e el e Seadlion innsih o 8t RS 5°
-chai 1; - - bgh
Cbr of or ailfy S aBded, & Ae-redbiloh riudre, SO RAchBn R SRRl 1y

acid in PefRhed at TQetéﬁWéWei $aﬁ§érb$d69Uttoi 95t heedreesapce Thean acid
catalyst, wth continuous stirring at a tenperature range from60 to 95

degree C grecipitatioer @f! thef nomre86tdd fylatedr earliotyairatdennstes Aoy maydes and
60 to 75 degree C for the di- and trisacchrides), under reduced pressure
rangilfg fhenachievedObyocoolifgribke catbohydrate Satty doidreester dayer ot Rout
addi ng any sol vent.

temperature between —4 and 10 degree C.

By providing a trans-acidolysis process for preparing surface-

active carbohydrate fatty-acid esters in accordance with the invention

15 mono-, di- and poly-fatty esters of C2 or C3-acylated carbohydrates,
with HLB values of 1 to 10, may be obtained depending on the

degree of substitution and chain-length of the fatty acid moiety.

In a further aspect of the invention, carbohydrate fatty esters
20 with free hydroxyl groups of HLB values 8-16 may be obtained by a

further step of partial hydrolysis in the presence of an acid catalyst.

In a further aspect of the invention, the unreacted free fatty
acids and the unreacted carbohydrate esters of low molecular-weight
25 carboxylic acids are removed during purification, and recycled to the

stariing reactant mixture.




15 The reaction is continued for 3-6 hours after which it is then stopped
and the reaction mxture is then taken up in an organi cogoljMgndogych as

i so- propanol, n-propanol, ethyl acetatse or ethanol. The | ow nol ecul ar

wei ght C2- or C3-carboxylic acid, which is a 20 by-product of the
trans-aci dolysis, is trapped by condensation and kept for other uses. Step
2: The reaction mxture is then passed onto a decoloriser where it 25 1is
decol ori zed by contact with an adsorbent, such as activated carbon, and
then filtered.The ad@ntages @0DdHde Throcessehr aedofdanrced avitly thei presentt he
unreacted acylated 5 10 carbohydrate may then be recovered and recycled by
ei t her stigpentien, ywhiphacseunwent i dledeart one sfelhies:abnwe digniaiians Wfstep 2
is renoved by vacuumdistillation, in a distiller at tenperature between 30
and 50 déé?éﬁ"%%@*’t@né unreacted fatty acid is then extracted with hexane.

He [ h distilled, b 3 0d C
o rogover tnd linr eact StOIFING FoOMSH S$n8 FeRRloN AGCHERR: | o GRuAl 15
di lved in th I ' to f = A0%% WV S ti d
ool To -4 to 10 degr oSl BN At 8, 18 Tetant VBokuRB, T oo
bohyd i pita [ ' i Skl | ed of f
[0 give product acyl aiSa% Ak RSP i Tealihd BT B Ahe, °¢ ©

unreacted fatty acid agsinacylfhed canprincdsat ethry e §6Rbilftpr 'ofcyahe Step
-

4: As an alternatively to Step 3, the unreacted fatty acid is 20

crystallized out by spgdribatythetesplokstiptinithe $atpa2idvi th 10 -20 % V/V wat er
and cooling the solution to between 8 to 12 degree Cin the chiller

separlat or . THR)unr eactsidgadgwapesssiaebdbydriaeethie tdamtione rappuiibritem
precipitate by cooling the solution further to between -4 and O degree C.
The filtrate sol vent iforwash ataguiadutiest enesgy ddemasd. This resulfs in
high vield (>90%), Iless isomerization and
degradation of products.
(3) The feedstock is renewable natural resources, readily
15 available and cheap. Unreacted substrates are
recycled. This process is thus commercially viable.
(4) The invention is applicable to both batch-wise and

continuous carbohydrate fatty ester processes.

(9) High-grade (98% pure) carbohydrate fatty acid esters
20 can be obtained.
(6) This process is adaptable for producing a number

carbohydrate fatty acid esters.

Without limiting the scope of the invention, other objects and
25 advantages of the invention will become apparent upon reading the

following detailed description.




25 give product acyl ated carbohydrate fatty esters. The recovered unreacted
fatty acid and acyl ated carbohydrate are kept for recychg guLlfodaep 5: 20
JUL 2004 In order to nodify the HLB priofile of the product to a desirable

| evel , the product acyl ated carbohydrate fatty ester obtained in Step 3 or
4 may be passed onto a second reactor , wherein free hydroxyl 5 groups are
librated by partial hydrolysis in the presence of an acid catalyst to
produce the required HLB profile depending on the degree of substitution,
deacyl ati on andEdidLED Bt GRIPTIGA @EtTHEaERE%NJpIN\TENTﬂO@é fatty aci d
whi ch may be |ibrated during hydrolysis, is 10 renoved by crystallization
in the chiller separator and recycled By varylng the degree of deacyl ation

and fatty acyl chain Ien ar bohydr at e fatt acid ers, products
havi ng di st| ndh ﬁ.@%@?ﬁ b&‘eprg eHECRRYY Ectc@rﬁgbgd@?yl ng 15

car bohycrfafig 4 158 B eéﬁ%rér%%%%iﬁtgééﬁ?ee”% Pt R ot ur s
Sof 10 and 1%§§ggfa%%§b SRRIIED, RRRREST gRGSCH, . FRaSkARAe o

t he product sep oollng e product e passed

through %b?ﬁgﬂ%ﬁéy erﬁ'l”éj é’rré!fi“w‘lflfe%r Tafty! Qcﬂjsv‘%nhfﬂﬁle%e%@e@ﬂor m such

as pellets, ste or | r supply to wnst ream users.

25 11 ?é?}aiﬁuleﬁWvﬁﬂﬁzéﬂi Irﬁmhaggremamgaeggraudds furt her illustrate the
present | nventi on.

10 In the present process, the acid catalysts includes concentrated
sulphuric acid and camphorsulfonic acid, in the case of the
monosaccharides; and boron frifluoride diethyl etherate, alkyl
sulphonic acid polysiloxanes and tosylic acid, in the case of the di-

and tri-saccharides.

15
The carbohydrate fatty ester of the present process has the
de[owing chemical structures:
Ry— I R,
20

wherein R2, R3, R5 are each selected from the group
consisting of H, CHsCO, CHsCH2CO, and C6-C22 fatty acyl group;
R1, and R4 are each selected from the group consisting of a partially
or peracylated mono- or di-saccharide, H, CHsCO, CH3CH2CO or C6-

25 C22 fatty acyl group; and n is an integer with value equal to 1, 2, or




5 EXAMPLE 1: Preparation of acetylated glucose |aurate and the partially
deacyl ated gl ucose laurate a) Preparation of acetyl ated gl Psegphqurate. 10
0.03 nmol (6.00g) of lauric acid (Flukg Chem ka, Sw tzerFan%? was added into
a three-necked, round-bottom flask equi pped with a magnetic stirrer,
stopcocks, a vacuumtake-off line |leading to a liquid nitrogen cold-trap
and a vacuum punp. 0.01 nol (3.90g) of d ucose pentaacetate, GPA (Fluka
Chem ka, Switzerland) was added and the 15 m xture was heated to 80-100

degree C3;nwiiereln that Iprishaty anohbsaodisaddeé r uhitgconld Iber Aofurgensyls
solution was forned. 0.1 ww (0.01g) of concentrated sul phuric acid (or

0. 2% canmyvasasylar & Ci:C6) opers-ahaém skddtdeand 5 - 10 Torr pressure was
applied. The reaction was continued for 3 to 6 hours. The reaction 20 was

t hen stopped and taken up with 100mL of n-propanol. The solution was then
neutralized wth agueous 1 M NaHCGs, 12 20 JUL 2004 decolourised with 1.0
g act Pvat ed chdfBokl and filtered warm N propanol was then renoved by

vacuum oot || 8L KGR oS e P RS (RS oM, B T e
saccharide) is reacted with a C6-C22 free fatty acid in a reactor .
The reaction is carried out in the presence of an acid catalyst, with
continuous stirring at a temperature range from 60 to 95 degree C
10 (preferably from 80 to 90 degree C for the monosaccharides and 60
to 75 degree C for the di- and trisacchrides), under reduced pressure
ranging from 4 to 20 Torr, (preferably from 5 to 10 Torr) and,

without adding any solvent.

15 The reaction is continued for 3-6 hours after which it is then
stopped and the reaction mixture is then taken up in an organic

solvent such as iso-propanol, n-propanol, ethyl acetate or ethanol.

The low molecular weight C2- or C3-carboxylic acid, which is a
20 by-product of the trans-acidolysis, is trapped by condensation and

kept for other uses.

Step 2.
The reaction mixture is then passed onto a decoloriser where it
25 is decolorized by contact with an adsorbent, such as activated

carbon, and then filtered.




kept for recycle. The glucose fatty ester was redissolved in warmn
propanol to form30 - 40% w v solution, cool to -4 to Osgegfgea§oand
filtered to give unreacted GPA as pregipitate. The filtrate n propanol was
then vacuumdistilled off to give 70-85% pure io acetyl ated gl ucose
| aurate. Repeated fatty acid extraction and GPA precipitation gave 90-95%

pure product (14k 20midRitdd- frdd efatigt iagdy. anmd efrd ednieaicted aeicylated
crystallized out by spiking 15 the 'n-propanol solution with 10 -20 % V/V

wat er andatbohydeatéhenaglthenobetrecoebredanl tecyiled dyyr either séep 3 loen
renoving the unreacted GPA as precipitate by cooling the solution further

t o bet weestep4 asdedcrbeddmel®n: Ei t her nethod of extracting the fatty acid
may be used 20 dependi ng on conveni ence and choice of facility 13 20 JUL
2004 b) Partial deacylation of acetylated glucose |aurate A portion of
acetyl ated gl ucose_ | aurate obtai ned above was 5 added to CF3COOH: H20 (7: 3)
to foPma 20 -S%BWB¥w v sol ution and agitated for a duration of tine between

égag;lngt gfi tgf)u hgsucgl\?ren tinrgt%rf} tzerl@erre%g\freed(g% \?acsusunqefs‘?ﬁa%n, '?ﬁréi ally
distiler at temperature between 30 and 50 degree C and the
unreacted fatty acid is then extracted with hexane. Hexane is then
vacuum distilled, at temperature between 30 and 50 degree C, to
10 recover the unreacted fatty acid. The remaining reaction mixture is
redissolved in the solvent used in Step 2 to form 30 — 40% wiv
solution and cool to —4 to 10 degree C in a chiller separator to give
unreacted acylated carbohydrate precipitate. The filtrate solvent is
then vacuum distilled off to give product acylated carbohydrate fatty
15 esters . The recovered unreacted fatty acid and acylated

carbohydrate are kept for recycle.

Step 4.
As an altematively to Step 3, the unreacted fatty acid is
20 crystallized out by spiking the solvent in step 2 with 10 =20 % VIV
water and cooling the solution to between 8 fo 12 degree C in the
chiller separator . The unreacted acylated carbohydrate is then
removed as precipitate by cooling the solution further to between -4
and 0 degree C. The filtrate solvent is then vacuum distilled off to
25 give product acylated carbohydrate fatty esters. The recovered

unreacted fatty acid and acylated carbohydrate are kept for recycle.




fatty esters of various HLB val ues, depending on the duration of treatnent,
fatty acyl chain Ilength and degree of substitution was 3@ ggjabged- The

sol vent was distilled off under reducegl pressure. The product IS separated
into carbohydrate fatty acid esters of varying degree of deacylation and or
substitution by staged cooling between the tenperatures of 10 and -15
degree C. 15 E © 2: Preparation of acetylated sucrose ol eate and the
partially deacyl ated sucrose oleate 20 a) Preparation of acetyl ated sucrose
ol eate. 0.06ndfh OdderdfymodifplthecHAE préfileulh tidhepriddaict Soi azdesieatly was

wei ghed into a three-necked, round-bottomflask equi pped with a nmagnetic
stirrer, levepcihek prodush@nytatedkeadidhydrate |fatlyi egteroohtaingdi it StePogen
cold-trap and a vacuum punp. 0.01 nol (6.79g) of sucrose 14 20 JUL 2004
oct aacet at @ $amay( PruRassR@ rake, asseeard Irgagioravheresy fiag RYSEORYIxt ur e

was heated to 80 - 95 degree C jn an oil bath wth confinuous stirring
until da tﬁ@ﬂ&érﬁ@é'@'@t@i%&@%@‘ I‘FH?WB@'SU? € PPNV AN@%A aci d (or al kyl

sul fonic acid polysiloxane, or BFs.CEtz) was then added.

catalyst to produce the required HLB profile depending on the degree
of substitution, deacylation and chain length of the fatty acyl group.
The free fatty acid, which may be librated during hydrolysis, is

10 removed by crystallization in the chiller separator and recycled.

By varying the degree of deacylation and fafty acyl chain
length in the carbohydrate fatty acid esters, products having distinct
HLB values may be produced. These products have varying

15 solubilities and sublimation temperatures and are thus separated into
carbohydrate fafty acid esters by staged cooling beiween the
temperatures of 10 and -15 degree C, depending on the esters

present.

20 Step 6:

After the product separation by staged cooling, the product
may then be passed through quality assurance and onfo the former to
give the desired form such as pellets, flakes, powder, paste or liquid
for supply to downstream users.

25




Reaction tenperature was then reduced to between 60 - 75 degree C and 5 -10
Torr pressure was applied. The reaction was continued fep Jyio2§ofours. The
product was taken up in 250nl of iso-propanol, to neutralized wth agueous
1M NaHCGOs, decolourised with 2.0g activated charcoal, and filtered.

| so- propanol was then renoved by vacuumdistillation. Unreacted oleic acid
was extracted with 50x4 ml hexane and kept for reuse. The sucrose fatty
ester was redissolved in warmiso-propanol to form30 - 40% w v sol ution,
cool to -4 to Thds fdkgwie Cexadthdlest ewidld further eillustradet dbdeSOpresent
precipitate. The filtrate iso-propanol was then distilled off to give

70- 85% puneeniten.yl at ed sucrose ol eate. Repeated hexane extraction and SOA
preci pitation gave 90-95% pure product (87%yield). 15 20 JUL 2004 b)
Partial deacylation of acetylated sucrose oleate A portion of acetylated

sucrose ol eate i ahove s _added t.0 : : t form20 -
50% wPv sol ut i #&W%ﬂt%@&a}%'oﬁ @%W&%egaﬁ%eb%é]g}fg tt(henut es to
2 hours, at room tenper . - ially deacyl at ed
sucrose fatty esters of ?’éﬁ'.&%%ﬁfﬁ&gﬁﬁ@@%&%%ﬁ% on the duration of

treatnent, fatty acyl

a) Preparation of acetylated glucose laurate.

10 0.03 mol (6.00g) of lauric acid (Fluka Chemika, Switzerland)
was added into a three-necked, round-bottom flask equipped with a
magnetic stirrer, stopcocks, a vacuum take-off line leading to a liquid
nitrogen cold-tfrap and a vacuum pump. 0.01 mol (3.90g) of Glucose

pentaacetate, GPA, (Fluka Chemika, Switzerland) was added and the

15 mixture was heated to 80-100 degree C in an oii bath with
continuous stirring until a homogenous solution was formed. 0.1 %
w/w  (0.01g) of concentrated sulphuric acid (or 02%
camphorsulfonic acid) was then added and 5 -10 Torr pressure was
applied. The reaction was continued for 3 to 6 hours. The reaction

20 was then stopped and taken up with 100ml of n-propanol. The

solution was then neutralized with aqueous 1M NaHCOs,




1o chain |l ength and degree of substitution was obtained. The sol vent was
distilled off under reduced pressure. |If desirable, thesgreducions
separated into carbohydrate fatty acith esters of varying degree of

deacyl ation and or substitution by staged cooling between the tenperatures
of 10 and -15 degree C. 15 EXAMPLE 3: Preparation of acetylated raffinose

| aurat e febold@issd t withl y1.dear yhelheitetafdhancsal |amd afikerzal ayafnephlrati on of
raf fi nose peracetate (RA) Anhydrous raffinose (252g, 0.50 nol) was added to

60g anhydr ous Sfdi ugbacet ate acrg St rreddi![sg. 8&0 nmL of acetic anhydride 20
J U L 2004orgngl wasdhenyenipngd By Yacyum dliiail8r ee C. Conpl ete hompgeneous

solution is obtained in 30 - 50 mnutes. The reaction is left to continue
for 1 - 2 hours, after which the reaction mxture was 5 poured into 4
litres of ice and left to stand for 2 hours. The raffinose peracetate
precipitate fornmed is separated fromthe supernatant solution, redissolved

i n di chl or oretUyieeicted lsagiee dicidirwast exgractdd hwitiat B0 aXedt snHihewarecar bonat e
solution at neutral pH The dichl oronet hane sol ution was then decol ori zed

. . . . Tt
\C’,V:c ' P af%];io %ga}ﬁé/ a\gv%g %chﬁﬂ‘rf’lnr K Ig{i"g&] dtovar%%%\rpep rﬁr?r%e}c?eg' Téeunﬂé%a%uﬁ IQnyy! el d)

kept for recycle. The glucose fatty ester was redissolved in warm n-
propanol to form 30 — 40% wi/v solution, cool to —4 to 0 degree C
and filtered to give unreacted GPA as precipitate. The filtrate n-
propanol was then vacuum distiled off to give 70-85% pure
10 acetylated glucose laurate. Repeated fatty acid extraction and GPA

precipitation gave 90-95% pure product (90.2% yield).

Alternatively, unreacted fatty acid is crystal.lized out by spiking

15 the n-propanol solution with 10 -20 % V/V water and cooling the
solution to between 8 to 12 degree C, and then removing the
unreacted GPA as precipitate by cooling the solution further to

between 4 and 0 degree C.

Either method of extracting the faity acid may be used

20 depending on convenience and choice of facility.




peracetate white powder. b) Preparation of acetylated raffinose |aurate.
0.06mpl (12.0g) of lauric acid (Fluka Chem ka, Switzerlagd)yiSopeg wei ghed
into a three-necked, round-bottom flagk equi pped with a magnetic stirrer,
stopcocks, a vacuumtake-off line |leading to a liquid nitrogen cold-trap
and a vacuum punp. 0.01 nol (11.54g) of raffinose peracetate, RA (prepared
above) was added and the m xture was heated to 80-100 degree Cin an oil
bath with continuous 20 stirring until a honobgenous sol ution was forned.

0. 01 % w w BFs. Otz Partialtdesadylatieni of acebylated gludase lawatel pol ysil oxane)
was then added. Reaction tenperature was reduced to between 60 and 75 20
J UL 2004 17 degree C and 5 -10 Torr pressure was applied. The reaction
was continued for 2 to 6 hours. The product was taken up in 250m. of et hyl
acetate, quenched with agqueous 1 M NaHCOs, decolourised 5 with 2.0g
activated chargcoal , . and ffi I t?reg% Et hyl aCﬁt atei was .t hen renmved bé vacuum
di stillation. AnPedianedh Aratylaled 4oleossx IrYEIEd RteINESH,ZPWE WRFne and
kept for reuse. The raffinose fatty ester was redi ssolved in warmi so
propagol gddadddbrion F.CAQH W0 0Bt fcorfiormoal 200- B&%%earv -gblatidn 0and

agitated for a duration of time between 15 minutes fo 2 hours, at
room temperature (22 — 33 degree C). Partially deacylated glucose
fatty esters of various HLB values, depending on the duration of
treatment, fatty acyl chain length and degree of substitution was
10 obtained. The solvent was distilled off under reduced pressure. The
product is separated into carbohydrate fatty acid esters of varying

degree of deacylation and or substitution by staged cooling between

the temperatures of 10 and —15 degree C.

I5
Example 2: Preparation of acetylated sucrose oleate and the partially
deacylated sucrose oleate
20 a) Preparation of acetylated sucrose oleate.

0.06mol  (16.93g) of oleic acid (Fluka Chemika, Switzerland)
was weighed into a three-necked, round-bottom flask equipped with a
magnetic stirrer, stopcocks, a vacuum take-off line leading to a liquid

nitrogen cold-trap and a vacuum pump. 0.01mol (6.79g) of sucrose




| 0 degree C, and filtered to give unreacted RA as precipitate. The filtrate
i so-propanol was then distilled off to give 70 - 85@6pu§®‘ggQ}?bg&ed
raffinose | aurate. Repeated hexane exigaction and RA precipitation gave

90- 95% pure product (85%yield). 15 c) Partial deacylation of acetyl ated
raffinose laurate A portion of acetylated raffinose |aurate obtained above
was added to CFsCOOH. HzO (7:3) to form20 - 50% w v solution and agitated
for a duration of tinme between 15 mnutes to 2 hours, at 20 room
tenperature (22 - 33 degree C). Partially deacylated raffinose | aurate of

vari ous HLB val ues, endi.ng on, the durgti.on of treatnen at t cyl
Chat o | eriARBGRATG OB, ofF RBS ek SwigesBngly Wasoadted G &Y The
solvent was distilled off under reduced pressure. The product is separated

into car hahdreaivad debtedabds@st @5 delyre@r@iindgaded! eatofwide artaiuous and or
substitution by staged cooling between the tenperatures of 10 and -15

degree C._,5 Wile the invention been described wth respect to

br o or r ocPEHBB AT A TOMOUENOLS RN MR fardiach bl W IR he art ¢ hat
nodi fications and i nprovenents may be nade to the invention w thout
departing fromthe spirit and scope of the invention. 1o Therefore, the

invension is not to be limted by the specific illustrative enbodi nent, but
only by the scope of the appended cl ai ns.

acid (or alkyl sulfonic acid polysiloxane, or BF3.OEt2) was then added.
Reaction temperature was then reduced to between 60 — 75 degree C
and 5 —10 Torr pressure was applied. The reaction was continued for 3
to 6 hours. The product was taken up in 250ml of iso-propanal,
10 neutralized with aqueous 1M NaHCOs, decolourised with 2.0g
activated charcoal, and filtered. Iso-propanol was then removed by
vacuum distillation. Unreacted oleic acid was exiracted with 50x4 ml
hexane and kept for reuse. The sucrose fatty ester was redissolved in
warm iso-propanol to form 30 — 40% w/v solution, cool to 4 to 0
15 degree C and filtered to give unreacted SOA as precipitate. The filtrate
iso-propanol was then distil[ed off to give 70-85% pure acetylated
sucrose oleate. Repeated hexane exiraction and SOA precipitation

gave 90-95% pure product (87% vyield).




19 CLAIMS 20 JUL 2004 1. A process for preparing carbohydrate fatty-acid
esters 5 conprising the steps of: (a) reacting, by soIvQ@pJg1§2004
trans-aci dol ysis, acylated carbohydraie with free fatty acid in the
presence of an acid catal yst, under reduced pressure; (b) decolorizing and
separating out the unreacted fatty acid, to fromthe reaction m xture
obtained in step (a); (c) precipitating out the unreacted acyl ated
carbohydrate fromthe reaction m xture obtained in step (b); and (d)
recovering carbohydrate fatty ester fromthe reaction mxture obtained in

step (C). 15 2. The pr i -acid esters of
claim1, wherein in h'ggﬁ@e%&@ﬁ%t%@@%ég&&égb’%am xture in

step (b) is renoved by precipitation froma solvent m xture at controlled
tenperature. 20 3. The process of preparing carbohydrate fatty-acid esters

of clai mA, patiidneiol hbetylstegesuefodertdlgaiei shtahddaBRRC WA addédir® in
step (b) is renoved fromthe reaction m xture by solvent extraction. 25 4.

h [ bohyd id f cl,aj wh [
The LA edet 8aOR TR 3¢ BBrpieiD s o0veivfy ealEroant AOLA fo) oy
cooling the reaction mxture in step (b) to a tenperature in the range of

-4. to lQjgatbAcoftime 20ekitelt 2 Githiies Tee 20 hotes s apfropihe hemperature
carbohydrate fatty acid esters of claim1l, wherein the unreacted free fatty

aci ds and_the upreacted or -acyl ated carbghydrate esters ich are
Cenoved da2imy 83 paRoreRation TTABElY byCARUAES SHENISE y Aty axietheol
reactant mxture. 6. The process of preparing carbohydrate fatty-acid ester
of 28| ai Myhrither ELB FleBs( @epeAditRy 6h ¢l elirafién af ieRffiere, fattyt &eyir ange of 4

10 chain length and degree of substitution was obtained. The solvent was
distilled off under reduced pressure. If desirable, the product is separated
-into carbohydrate fatty acid esters of varying degree of deacylation
and or substitution by staged cooling between the temperatures of 10

and —15 degree C.

15
EXAMPLE 3: Preparation of acetylated raffinose laurate and the
partially deacylated raffinose laurate
20 a) Preparation of raffinose peracetate (RA)

Anhydrous raffinose (252g, 0.50 mol) was added to 60g

anhydrous sodium acetate and stirred in 800 ml. of acetic anhydride




Torr. 10 7. The process of preparing carbohydrate fatty-acid ester of claim
1 wherein step (a) is carried out at a pressure in the an‘ggLoi?éz;lO Torr.
15 8. The process of preparing carbohygirate fatty-acid esters of Claim1l,
wherein nmono-, di- and poly-fatty acid esters of C2- or C3acyl ated

car bohydrates of various HLB val ues are obtained. 9. The process of
preparing carbohydrate fatty-acid esters of 20 Caim1, wherein the HLB

val ues of the product carbohydrate fatty acid esters are in the range of 1

to 10. 10. The process, of, prepar] car bohydrate fatty-qcid esters of Claim
1 Fur e ndirevimshy spagbraell do 108 §Bares” B bampité: MamaganeRds gr oups
by partial hydrolysis of the C2or C3-acyl ated carbohydrate fatty acid ester

in the preigiiee pf chtagred pat3d yst FormiueedeThenreadtioer isodeftf tbine to
obt ai n carbohydrate fatty acid ester having free hydroxyl groups of

predeterm ned HLB val ues. 21 20 JUL 2004 11,  The pr.ocess. of preparing
car bohyd inug +1or adi a- et 41U @ftel nwiigh V\]l;@,erie@pcpgg quB(?WﬁDuW Sof the

product carbohydrate fatty 5 acid esters are in the range of 8 to 16. 12.

The procegsuretl mitepfr|itres ofribehynd deft forktandidod 2siceirs. TheCraffimoée wherein
step (a) i's processed at a tenperature ranging from60 to 95 degree C. 10

13. A process of prepari. carbohydrate fatt ci.d esters conprising the
steps of PAAFelAlacRTRGIPIGIE sdPUBRY. flvesanaralediciigeny dhe, SHRAMRRAN

carbohydrate with free fatty acid in the presence of an acid 15 catal yst,
under redytgfomr psdiEs6iveddin dReifibedmztiiananthd epasiedd tareattirnee witheact ed

fatty acid, fromthe reaction m xture obtained in step (a);
saturated sodium bicarbonate solution at neutral pH. The
dichloromethane solution was then decolorized with 2.0g activated

10 charcoal and vacuum dried to give 492g (90% yield) of raffinose

peracetate white powder.

b) Preparation of acetylated raffinose laurate.

0.06mol (12.0g) of lauric acid (Fluka Chemika, Switzerland)

15 was weighed into a three-necked, round-bottom flask equipped with
a magnetic stirrer, stopcocks, a vacuum take-off line leading to a
liguid nitrogen cold-trap and a vacuum pump. 0.01mol (11.54g) of
raffinose peracetate, RA (prepared above) was added and the mixture

was heated to 80-100 degree C in an oil bath with continuous

20 stirring unti a homogenous solution was formed. 0.01 % w/w
BFs.OEt2 (or tosylic acid or alkyl sulfonic acid polysiloxane) was then

added. Reaction temperature was reduced to between 60and 75




(c) precipitating out the unreacted acyl ated carbohydrate fromthe reaction
m xture obtained in step (b); 20 (d) renpving the unreagpegyfregosatty

aci ds and carbohydrate esters of | ow ml ecul ar-wei ght carboxylic acids
during purification, and recycling the renoved unrescted free fatty acids
and carbohydrate esters to the starting reactant m xture; and (e)

| i berating free hydroxyl groups by partial hydrolysis of the z5

acyl zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzt ed carbohydrate fatty acid
ester in the presence of an acid catalyst for a predeterm ned period of

[ i h i havi h I f
br odet or HIABHSHLE T3 Bs 10 BT BrERRTEONES APRISDORDa, SACIH 1Ya8e 0
esters produced in accordance with the process of claiml or 13. 5 15. The

process apmtindiedd foo Zltei 85 hbues. Thevppoduot s rtakehanp rerdSlhwHrcit es
i nclude the group consisting of partially or peracylated nono-, di- and

tri-sacchagyrides i,n,which the ngsacchari de j t | d be f ur anosyl ,
pyranosylé’%{wI Aeiatg cﬂi@ﬂmwgﬁr (RAYFRUS 135}’16@#@5& o&%%@o!iﬁ'égadi ng to
clainms 1, 13 or 15 wherein the acyl group in the reactant acyl ated

car bobydngitles2i(y agelivatedr chapeediol andcYiltegs@uiEthyb ddetaldewasodhen _
according to clains 1 or 13 wherein, the acid catal ysts includes sul phuric

or canphorsul%gfhc aci ds in“tge case of the nonosaccharides; and boron
trifluorir@8i¥est Ry vacuHel disdillatpRy | sul phoni ¢ acid pol ysil oxanes or tosylic
acid, in the case of the di- and tri-saccharides. 20

Unreacted lauric acid was exiracted with 50x4 ml| hexane and
kept for reuse. The raffinose fatty ester was redissolved in warm iso-
propanol to form 30 — 40% wi/v solution, cool to between -4 and 0

10 degree C, and filtered to give unreacted RA as precipitate. The filtrate
iso-propanol was then distilled off to give 70 - 85% pure acetylated
raffinose laurate. Repeated hexane extraction and RA precipitation

gave 90-95% pure product (85% yield).

15
c) Partial deacylation of acetylated raffinose laurate

A portion of acetylated raffinose laurate obtained above was
added to CFsCOOH:H20 (7:3) to form 20 — 50% w/v solution and
agitated for a duration of time between 15 minuies to 2 hours, at

20 room temperature (22 -~ 33 degree C). Partially deacylated
raffinose laurate of various HLB values, depending on the duration

of treatment, fatty acyl chain length and degree of substitution




18. The process according to clains 1 or 13 wherein the workup sol vents

i ncl udes water, ethanol, iso-propanol, n-propanol and eéby‘ljvﬁcg?gge. 25 19.
The process according to clainms 3 wheygin the extraction solvent is hexane
23 20 JUL 2004 20. The process according to clains 1 or 13 wherein the free
fatty acids have C6-C22 chain-length, wth zero, nono or diunsaturations. 5

10 21. TReaPresffedic Toedisbt/dri) Glagl Misti@dobffl dindeer Riduddte predsateysi s aci d
catalyst is trifluoroacetic acid. 22. The process according to clains 10 or

13 wherein the partially hydrolysed carhohydyate ty acjd esters _are
further sldpal4p chy'sstgﬁﬁg@é%ﬂi fglo aFaMVK%?{eed{{qat @Pkdt u?ﬁtserrﬁn&fng from
-15 to 10 degree C, according to their degree of acylation. 1 4

5 2
ABSTRACT iﬁgEd@ CSURE Hoat\latitfiD4 é‘n@ﬂ-kﬂEl\EuEaﬁEtiERAN%@t aSl S
PROCESS FOR PREPARI NG 5 SURFACE- ACTI VE CARBOHYDRATE FATTY- ACI D ESTERS The

resent invention relates to a low te ratur sol vent-free
P . cooling between the temperatures OP? 8 and“ % degree ¢

While the invention has been described with respect to
preferred embodiment, it will be apparent to those skilled in the art
that modifications and improvements may be made to the invention
without departing from the spirit and scope of the invention.

10 Therefore, the invention is not to be limited by the specific illustrative

embodiment, but only by the scope of the appended claims.




trans-aci dol ysis process for preparing surface-active carbohydrate
fatty-acid esters conprising the steps of: 10 (e) reactbgngcy?gggd
carbohydrate with free fatty acid in {fge presence of acid catalyst, under
reduced pressure, and w thout adding any solvent; (f) decolorizing and
separating the reaction m xture obtained in step (a) into unreacted fatty
acid layer and 15 a carbohydrate fatty-ester layer; (g) precipitating out
t he unreacted acyl ated carbohydrate; (h) |ibrating the hydroxyl groups by
partial hydAMI$sis in the presence of an acid catalyst; (i) renoving the
unreacted free fatty acids and unreacted 20 carbohydrate esters of | ow

nol ecul ar - wei ght carboxylic acids during purification, and recycling the
renoved unreacted free fatty acids and carbohydrate esters to the starting
reactant i xtuhe PPRGass Ador AFpreraring 9. earborys@iery fally-agid. aesigrs
Ac\.Acy .Ac\E. Ac\% Ac\.Ac\$. Ale. Ac@Ac\.Ac\U Ac\ .Ac\3:45 C
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<pXppx8x8x887? p8<8 7X8888<888<X 0] 808 3 <?p= <p<8 0
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d"d8ee’ g2g5gAgggghh3| ?iijRcjf]j]|wmhc”Y]]]ca] ca] ca] ca] ca] ca] ca] ca]ca] calc
a] ca] ca] cxindedlten] teahpeatatate.a) ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca! j 3kHkK
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aFei | 6#10%_bL wc 10%& ()- 10%& ()- 109 ()- .

#10%& () -RV109 %) Progeas v o, p@%ﬂw ﬂuqaébaﬁ‘w%t@) fattyagid osdtens: 10k ex10%

p& () - Jt %&R%% (\k!h%vrélfs# & rgr)eacted @‘ﬁ?—acid in the reaction mixture in

step (b) is removed from the reaction mixture by solvent extraction.

25 4. The process of preparing carbohydrate fatty acid ester of claim
1 wherein the unreacted acylated carbohydrate is precipitated out in
step (c) by cooling the reaction mixture in step (b) to a temperature in

the range of —4 to 10 degree C.




_=lyl"109& ()-!p"109%&' ()- \010%&' ()-Cs10%& ()- 10 10 10V6109%&' ()- V Y
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5. The process of preparing carbohydrate fatty acid esters of

claim 1, wherein the unreacted free fatty acids and the unreacted C2
or C3-acylated carbohydrate esters which are removed during

5  purification steps (b) and (c) are recycled to the reactant mixture.

6. The process of preparing carbohydrate fatty-acid ester of claim

1 wherein step (a) is carried out at a pressure in the range of 4 — 20

Torr.

10
7. The process of preparing carbohydrate fatty-acid ester of claim
1 wherein step (a) is carried out at a pressure in the range of 5-10
Torr.

15 8. The process of preparing carbohydrate fafty-acid esters of

Claim 1, wherein mono-, di- and poly-fatty acid esters of C2- or C3-

acylated carbohydrates of various HLB values are obtained.

9. The process of preparing carbohydrate fatty-acid esters of
20 Claim 1, wherein the HLB values of the product carbohydrate fatty-

acid esters are in the range of 1 to 10.

10. The process of preparing carbohydrate fatty-acid esfers of
Claim 1, further comprising the steps of:-

25 (e) liberating free hydroxyl groups by partial hydrolysis of the C2-
or C3-acylated carbohydrate fatty acid ester in the presence of an
acid catalyst for a predetermined period of time to obtain
carbohydrate fatty acid ester having free hydroxyl groups of

predetermined HLB values.
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10
13. A process of preparing carbohydrate fatty acid esters
comprising the steps of:

(a) reacting, by solventfree trans-acidolysis, acylated
carbohydrate with free fatty acid in the presence of an acid

15 catalyst, under reduced pressure,

(b) decolorizing and separating out the unreacted fatty acid,
from the reaction mixture obtained in step (a);

(c) precipitating out the unreacted acylated carbohydrate from
the reaction mixture obtained in step (b),

20 (d) removing the unreacted free fatty acids and carbohydrate
esters of low molecular-weight carboxylic acids during purification,
and recycling the removed unreacted free faity acids and
carbohydrate esters to the starting reactant mixture; and

(e) liberating free hydroxyl groups by partial hydrolysis of the

25 acylated carbohydrate fatty acid ester in the presence of an acid
catalyst for a predetermined period of time to obtain carbohydrate
fatty acid ester having free hydroxyl groups of predetermined HLB

values.
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20
18. The process according to claims 1 or 13 wherein the workup
solvents includes water, ethanol, iso-propanol, n-propanol and ethyl

acetate.

25 19. The process according to claims 3 wherein the exfraction

solvent is hexane
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ABSTRACT OF THE DISCLOSURE
A SOLVENT-FREE TRANS-ACIDOLYSIS PROCESS FOR PREPARING
5 SURFACE-ACTIVE CARBOHYDRATE FATTY-ACID ESTERS

The present invention relates to a low temperature, solvent-free
trans-acidolysis process for preparing surface-active carbohydrate
fatty-acid esters comprising the steps of:

10 (e) reacting acylated carbohydrate with free fatty acid in
the presence of acid catalyst, under reduced pressure,
and without adding any solvent;

(f)  decolorizing and separating the reaction mixture
obtained in step (a) into unreacted fatty acid layer and

15 a carbohydrate fatty-ester layer,

(g) precipitating out the unreacted acylated carbohydrate;
| (h) librating the hydroxyl groups by partial hydrolysis in
the presence of an acid catalyst;
(i) removing the unreacted free fatty acids and unreacted

20 carbohydrate  esters of low  molecular-weight
carboxylic acids during purification, and recycling the
removed unreacted free fatty acids and carbohydrate

esters to the starting reactant mixture




